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PREFACE 


his report is designed to assist users in understanding when to apply 
the Habitat Evaluation Procedures (HEP) and the Instream Flow Incremental 
Methodology (IFIM) to aquatic analyses. These two methods were developed at 
the U.S. Fish and Wildlife Service's Western Energy and Land Use Team (WELUT) 
through interagency, multidisciplinary efforts. Depending on site-specific 
considerations, users must determine if HEP, IFIM, or both methods are 
applicable in an aquatic analysis. Information is presented in this document 
on the basic features, capabilities, and limitations of both methods to enable 
users to decide on the most appropriate procedure to meet specific study 
needs. References to detailed technical information for each method are 
included in the text. Training is necessary prior to applying either method 
to ensure proper application. Training and technical assistance for field 
applications are available from the U. S. Fish and Wildlife Service. Addi- 
tional HEP information can be obtained from the HEP Group (FITS 323-5424, Comm. 
303-226-9424) and IFIM information can be obtained from the Instream Flow and 
Aquatic Systems Group (FTS 323-5331, Comm. 303-226-9331). The address of both 
groups is the Western Energy and Land Use Team (WELUT), U.S. Fish and Wildlife 
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Service, Creekside One, 2627 Redwing Road, Fort Collins, CO 80526-2899. 
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INTRODUCTION 


The Habitat Evaluation Procedures (HEP) are designed tor quantifying 
habitat va S and documenting impacts of habitat changes on fish and wildlife 
resources in both aquatic and terrestrial! ecosystems (U.S. Fish and Wildlife 
Service 1980a,b). The Instream Flow Incremental Methodology (IFIM) is specifi- 
cally designed for simulating and quantifying impacts of changes in 
channe!] morphology, or water quality, resulting from water management or 
Stream channelization activities, on fish, invertebrates, and instream recrea- 
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tional activities (Grenney and Kraszewski 1981; Milhous et al. 1981; Bovee 
1982). Both methods were developed at the S. Fish and Wiidlife Service's 
(FWS) Western Energy and Land Use Team (WELU]) as interagency, multidisciplin- 
ary efforts. This paper contains information on the: (1) differentiating 


features and recommended uses of the two methods for environmental assessment; 
and (2) development and use of Suitability Index (SI) curves. The discussio 
is restricted to considerations of the affects of habitat alterations on fish 
nabitat. 
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COMPARISON OF METHODS 


HEP and IFIM are similar in that they: (1) provide information about 
habitat changes over time; (2) provide a means of comparing the impact of 
alternative management practices on fish habitat; (3) combine habitat quality 
and quantity to obtain an index; (4) make use of suitability relationships 
between habitat variables and habitat quality; and (5) are computerized. 
Differences between the two methods (summar iced in Table 1) include: (1) HEP 
is a flexible technique for use in terrestrial and aquatic habitats, whereas 
IFIM is designed for flowing waters only; (2) IFIM includes simulation models 
for predicting changes in the physical variables of velocity, depth, substrate, 
cover (microhabitat) and temperature and water quality (macrohabitat); (3) IFIM 
is primarily used for in-kind mitigation of stream flow, whereas HEP is 
designed as a more generalized method for mitigation evaluations, including 
both in-kind and out-of-kind mitigation; and (4) IFIM models always contain the 
velocity, depth, substrate, and cover variables and require the development and 
use of SI curves for each variable, whereas not all] Habitat Suitability Index 
(HSI) models for HEP require the use of SI curves and not all HSI models with 
curves include velocity, depth, substrate, and cover. In addition, HEP can be 
used with types of models that do not require the development and use of SI 
curves; e.g., equations for standing crop or harvest, pattern recognition 
models, and narrative or word models. Both IFIM and HEP can aid planners and 
managers in the development of quantitative information for use in decision- 
making activities. Both IFIM and HEP are based on biological assumptions and 
consequently promote the use of wel! documented, logical analyses as the most 
effective way of providing biological information in impact assessment, 
planning, and habitat management activities. A process for selecting the 
appropriate method is presented in Figure 1. 


Project scoping is the appropriate time to select the best method(s) to 
apply to a specific problem. Unfortunately, scoping is often neglected and 
arbitrary decisions on the analysis approach may be made. Scoping should 
involve individuals representing the organizations and interests that will be 
involved in, or affect. the final decisions. Participants, through an inter- 
disciplinary process, should evaluate and agree on: (1) the details of the 
proposed action(s) and aliernative actions, including project effects on exist- 
ing or baseline conditions; (2) a general delineation of the habitat areas 
subject to impact; (3) the seiection of evaluation species; (4) th habitat 
changes most likely to occur (ji.e., model variables) that will impact the 
evaluation species; (5) species data requirements for an environmenta: impact 
analysis; (6) viable options for protecting the fish population; (7) the 
method or combination of methods to apply; (8) the resources available for 
performing the work and interpreting the results; (9) who has tne responsi- 
bility for performing the work; and (10) the format and use of study results. 
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No. Predictions of impacts of 
environmentai changes (e.g., 
loss Of Spawning areas or 
elevated water temperatures) 
on habitat are made through 
use of HS! modeis. Deve!- 
opers must provide HEP users 
with prediction of changes 
over time for each mode! 
variable. 


Yes. Models can be developed 
for specific ltife stages or 
they can pertain to all tife 
Stages. Most mode!is are in 
the latter category. HSI 
modeis also can be used for 
other purposes; e.g., desig- 
nating inventory data needs 
for tand management activi- 
ties and designing ltand 
management plans to protect 
and enhance fish habitat. 


Sometimes. Curves for various 
biotic and abiotic variables 
are used for some HS! models. 
Other modeis (e.g., linear 
regression for standing crop 
and harvest and. pattern 
recognition models) do not 
involve the use of curves. 
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Interchange requires a 
thorough understanding of 
how a curve was developed 


HEP IF IM 
Yes. Curve values are aqgre- ves. S! data for the micro- 
for gated into a species-specific habitat variables are pro- 
HSi model. Users can deter- cessed by computer in com- 
mine alternative aggregation bination with other data to Suit needs of users. 
approach. calculate WUA. User deter- 
mines aggregation approach 
involving macrohabitat 
variables. 
of Possibly. If TFIM utilization Yes. Literature-based S|! 
or preference curves for curves from HSI modeis can be 
used in IFIM when no field data t 


velocity, depth, substrate, 
and cover variab!ies are avail- 
able, it is possible to modify 
the curves for HEP applica- 
tions when no other data are 
avaitahle., 


Not necessarily. Data needs 
are dependent on HS! model 
requirements, which depend on 
application objectives. WELUT 
provides quidance to users on 
field approaches for document- 
ing HU's. Specific approach 
best for fieid conditions is 
determined by users. 


are available and biologists 
conctuce that the curves are an 
adequate representation of the 
microhabitat preferences of 

the species to be evaluated. 

S! curves that are used tn HSI 
models to represent tempera- 
ture and water quality variable 
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Yes. Field coliection of 
velocity, depth, substrate, 
and cover data are intrinsic 
steps of each application. 
Individuals who perform IFIM 
analyses typically collect 
data. Field approach is pre- 
cisely defined because data 
must be compatibic with spe- 
cific computer program re- 
quirements. A field tech- 
niques manual is available, 
and a field techniques course 
iS offered several times a 
year for users of IFIM, 


and appropriateness for 
appiications based on site- 
specific considerations 

and available information 
on species requirements. 


Aerial photographs can be 
used to evaluate baseline 
habitat for HEP applica- 
tions if sufficient tin- 
formation can be obtained 
to meet study objectives. 
A Field Sampling Desian 
and Techniques Course wil! 
he imitiated in FY84 for 
HEP users. The objective 
for the course is to pro- 
vide detailed technical 
guidance on designing and 
conducting field sampling. 
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Although other decisions must be made during the scoping exercise, the selec- 
tion of evaluation species and a determination of the adequacy of existing 
analysis technology (e.g., SI curves and HSI modeis) are critical. 


HABITAT EVALUATION PROCEDURES (HEP) 


HEP is a computerized method for use in habitat inventory, planning, 
management, impact asessment, and mitigation studies. The method consists of 
a basic accounting procedure that combines habitat quality, defined as the 
HSI, with habit2t area to calculate the HU, which is sensitive to changes in 
both the amount and the quality of available habitat. The basic accounting 
procedure enables comparisons of habitat availability at several sites (base- 
line studies) or for changes in habitat over time (impact assessments) for 
various sites, management actions, or project alternatives. HEP output 
consists of quantitative information for each species evaluated. The informa- 
tion can pertain to all life stages of a species or to a specific life stage. 
Basic steps in a HEP analysis include the following: 

Step 1. Scoping. Scoping includes defining study objectives, 
delineating the boundary of the study area, and selecting aquatic 
evaluation species. The selection of evaluation species can be 
based on ecclogical importance, importance for man use (e€.g., 
sport or commercial fishing), or other factors, includinc legal 
protection status. 


Step 2. Development and use of HSI models. An HSI model can be 
in one of several forms, including equations for standing crop or 
harvest, mathematical and nonmathematical mechanistic models that 
involve aggregations of variables that affect life requisites of a 
species, pattern recognition models, or narrative (word) models. 
The mechanistic model (Fig. 2) is a commonly used model and 
requires development and use of Suitability Index (SI) curves 
(Fig. 3). Each variable in a model is described by one or more 
symbols. For example, percent pool bottom cover (Fig. 2) is identi- 
fied by V, and V,. V; is for adults and juveniles and V, is for the 
fry stage. 


Mechanistic models use tree diagrams to depict the relationships 
between variables and habitat suitability (Fig. 2). Once the vari- 
ables have been identified, the relationships between the variables 
and habitat suitability must be determined. These relationships are 
based on information obtained from literature reviews, expert 
opinion, and field studies. SI curves (Fig. 3) are developed and 
used to determine site specific values for each variable. In 
Figure 3, for example, the suitability index would be 0.77 if there 
were 50% pools and backwater areas in the study site. 
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Figure 2. Example of a mechanistic HSI model. The tree diagram 


illustrates the structure of the largemouth bass riverine model 
(Stuber et al. 1982). The value of each variable (V) is deter- 
mined from a suitability curve. 
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Variable 





V; Percent pool and back- il oY eee 
water area during ; 
average summer flow. 





Suitability Index 
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Figure 3. Suitability Index (SI) curve for percent pool and 
backwater area for a hypothetical HSI mode). 


The SI's are aggregated to derive the HSI. An example of one 
mathematical approach to agaregating SI's is presented in Figure 4; 
an example of a nonmathematical approach is presented in Figure 5. 
In the example in Figure 5, the HSI for a study site is defined as 
the lowest SI for any one of the nine variables. It is important to 
note that nonmechanistic models (e.g., linear regression models) do 
not require the development and use of SI curves. Regardless of the 
type of HSI model used, the model simply provides a measure of 
habitat suitability for a HEP analysis. 


HSI's range from 0 to 1, with unity representing the most favor- 
able habitat condition possible at a site. The selection of the 
specific type of model for a site application depends on analysis 
objectives, the availability of data, funding and time constraints, 
and availability of models for an application species. HSI models 
published by the FWS (Schamberger et al. 1982) should be evaluated 
by users to determine if they meet site-specific requirements. If 
the requirements are not met, the models can be modified or the user 
can develop new models for application. This flexibility is neces- 
Sary because the user, not the developer of the HSI model, is 
responsible for defending information derived from a HEP application. 
Guidance for developing HEP models is presented in Standards for the 
Development of Habitat Suitability Index Models (U.S. Fish and 
Wildlife Service 198la). 
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Figure 4. SI aggregation equations for the largemouth bass 
riverine HSI model (Stuber et al. 1982). 
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Habitat variables Suitability indices 








Ratio of spawning habitat to summer habitat 
[area that is less than 1 m deep and 
vegetated (spring) divided by total 
midsummer area] (V,) SI, 





Drop in water level during embryo and 
fry stages (V.) SI, 





Percent of midsummer area with emergent 
and/or submerged aquatic vegetation 
or remains of terrestrial plants 














(bottom debris excluded) (V3) SI, 

LOG) TOS during midsummer (V,) IND 

Least suitable pH in spawning habitat HSI 
during embryo and fry stages (Vc) SI, 

Average length of frost-free season (Ve) SI¢ 


Maximum weekly average temperature 
(1 to 2 m deep) (V>) SI 





Area of backwaters, pools, or other 
standing/sluggish (less than 5 cm/sec) 
water during summer, as a percent of 
total area (Ve) SI 








Stream gradient (Vg) SI 


HSI = lowest score of all variables (Vy oes Vv) 


Figure 5. Tree diagram for the northern pike riverine model 
(Inskip 1982). 
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Step 3. Baseline assessment. The objective of this step is to quantify 
existing or baseline HU's within the study area for each evaluation 
species. HU's are derived by delineating the area of each habitat type 
for each evaluation species and then multiplying the area by its average 
HSI (HSI x area = HU). The number of HU's in the study area for an 
evaluation species is derived by summing the individual HU's for all 
habitat types and locations that provide habitat for the species or a 
particular life stage within the study site. 





Step 4. Impact assessment. Target years are designated at specific 
points in time throughout the lifespan of the proposed project or study. 
A target year is defined as a specific year for which habitat conditions 
can be predicted and evaluated. Target years should be selected for 
points in time when the rates of loss or gain ir HSI, or area of available 
habitat, are predicted to change. Target years are usually selected with 
help from specialists associated with the agency or developer proposing 
an action. The values for habitat variables for evaluation species must 
be predicted for each target year. Therefore, the planning agency must 
be able to predict habitat conditions for each alternative at each target 
year. HEP does not include any procedures for predicting future habitat 
conditions. The HSI model, regardless of the type, is used to calculate 
the HSI's and HU's for each species by target year based on each set of 
predicted conditions for the no action condition and each proposed 
alternative (Table 2). 





Table 2. HU's for rainbow trout for a hypothetical site. 





Proposed action Net 

t ____implemented No action alternative change 
HSI Hectares  HU's HSI Hectares  4HU's HU's 

ine 0.75 1 ,000 750 0.75 1,000 750 0 
0.70 500 350 0.75 1,000 750 -400 

0.20 500 100 0.60 900 540 -440 

0.20 500 100 0.60 600 360 -260 


AAHU's for each action are calculated from HU's using formula 2 
(U.S. Fish and Wildlife 1980b). The average annual net impact of the 
proposed action over the life of the project described in Table 2 
would be -36] AAHU's. During the operation of the project, there 
would be an average annual loss of 361 HU's of trout habitat in this 
example. 
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Step 5. Mitigation. Because HEP can be used to quantify losses re- 





Sulting from proposed alternatives, it can be used in mitigation 
Studies. Habitat losses are determined and the areas designated for 
compensation are evaluated for various management alternatives to 
determine the habitat gains attributable to selected mitigation 
measures. Partial or full compensation or enhancement to fish and 
wildlife habitat can be quantified. The analyses can be for in-kind 
compensation (one HU is provided for each HU lost for an evaluation 
species), equal replacement (a gain of one HU for a species to offset 
the loss of one HU for another, equally important, species), and 
relative trade-off. The relative trade-off analysis involves using 
Relative Value Indices (RVI) that reflect human value judgements 
about the relative value of one species compared to another. For 
example, if trout have a perceived RVI of 1.0 and whitefish have an 
RVI of 0.5, one HU for trout would equal two HU's for whitefish. 
Mitigation recommendations made by the FWS should be consistent with 
the 1981 Mitigation Policy (U.S. Fish and Wildlife Service 1981b). 


Step 6. Decision on course of action. After the HEP analysis is 
completed, information is prepared for evaluation and use by 
decisionmakers. If the user can convert the HEP output data (e.g., 
HU's or AAHU's) to an estimate of the fish population numbers that 
the habitat can support, then the HUEE procedures (U.S. Fish and 
Wildlife Service 1980c) can be used to estimate the economic conse- 
quences of land use options from a fish and wildlife resource use 
perspective. 








INSTREAM FLOW INCREMENTAL METHODOLOGY (IFIM) 


The IFIM is a technique designed to evaluate and integrate the dynamic 
nature of riverine habitat into water management practices. IFIM simulates 
hydraulic conditions of the microhabitat' in order to evaluate the effects of 
flow-induced changes on fish and invertebrate habitat. The standard micro- 
habitat variables are velocity, depth, substrate, and cover. Velocity and 
depth are directly and instantaneously influenced by discharge, as is the 
biological utility of substrate and cover. Consideration of water quality is 
limited to the macrohabitat? variables affected by project-induced changes or 
the influx of waterborne substances for which effects can be controlled by 





‘Microhabitat is defined as the aggregate of the three dimensional distribution 
of the standard habitat variables within a habitat type, expressed in terms of 
the suitability for an evaluation species. 


*Macrohabitat is defined as the aggregate of the average condition of important 
variables, such as channel morphology, water quality, temperature, and flow 
regime, within a habitat type, expressed in terms of the suitability for an 
evaluation species. 
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negotiating flows. IFIM simulates temperature and water quality conditions 
longitudinally (one dimension) down the stream environment. Products of the 
IFIM include variability of habitat over time displayed for each life stage of 
an evaluation species (i.e., Habitat Time series). Basic steps in an IFIM 
analysis include the fol lowing: 


Step 1. Scoping. Scoping involves the: (1) definition of study ob- 
jectives; (2) delineation of the study boundaries; (3) determination 
of the characteristics of the macrohabitat variables (watershed, 
channel morphology, water quality, temperature, and flow regime) for 
conditions with and without the proposed action; (4) the designation 
of the evaluation species; and (5) the definition of the life 
history, food sources, water quality tolerances, microhabitat 
(velocity, depth, substrate, and cover), and macrohabitat (tempera- 
ture and dissolved oxygen) preferences of the evaluation species. It 
is recommended that microhabitat preferences (i.e., suitability index 
curves) be determined by obtaining measurements in the immediate 
vicinity of where individual fish are found. Current research 
results always should be evaluated by users to determine the merits 
of existing SI curves and whether or not new empirical data are 
needed for the species selected for evaluation. Guidance for devel- 
oping preference curves is discussed in A Guide to Stream Habitat 
Analysis Using the Instream Flow Incremental Methodology (Bovee 
1982:173-178). 





Step 2. Study reach delineation and site selection. Study reach 
selection involves identifying on maps: (1) the points of major 
inflows (tributaries) and diversions; (2) the delineation of major 
changes and transition zones of relief. water quality, and distribu- 
tion of the evaluation species; (3) the delineation of critical 
reaches to be sampled (those portions of a river with a unique 
habitat type that is absolutely essential for one or more life stages 
of a species and is absent or in very short supply throughout the 
rest of the project influence area); and (4) the delineation of 
randomly selected reaches to be sampled that represent larger seg- 
ments of the river. Based on the mapped information and ground 
truthing, study sites are carefully selected within the study reaches 
to ensure that the characteristics of the study reaches can be 
extrapolated over the entire project area, allowing the spatial 
integration of habitat information over entire streams or networks 
of streams (Bovee 1982:38-55). 


Step 3. Data collection. Within each study site, transects are 
selected to characterize the hydraulic and instream microhabitat 
conditions. Procedures are specified in IFIM documents for data 
collection, compilation, and reduction; these procedures must be 
compatible with the requirements for the IFIM computer models and 
analytical procedures. It is necessary to document the longitudinal 
and lateral distribution of microhabitat characteristics. This step 
also includes the establishment or water quality sampling networks 
and/or acquisition of water quality information, as appropriate, from 


Steps 1 and 2. 
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Step 4. Computer simulation. Processed field data are entered into 
the computer programs of PHABSIM in order to generate data that 
describes the reach as a series of small cells (Fig. 6). Velocity, 
depth, substrate, and cover are assumed to be homogenous within each 
cell at a specified flow. Computer models for predicting changes in 
water quality and temperature, as affected by flow and channel 
morphology changes, have been deveioped recently and linked with 
PHABSIM. A suitability index for velocity, depth, substrate, and 
cover in each cell is determined by the use of SI curves for each 
life stage. Note that SI curves for PHABSIM are restricted to a 


Standard set of four variables. These data are combined through a 
user-selected aggregation technique to estimate the composite suit- 
ability for that combination of variables. The composite index is 
multiplied by the surface area of each cel] to derive the WUA for 
each cell for each life stage for each flow. Computer simulations 
are produced for the distribution of microhabitat variables 
(velocity, depth, substrate, and cover) for selected unmeasured flow 
conditions, for existing, proposed, and alternative actions. WUA 
values, expressed in terms of 1,000 linear feet of stream, are 
calculated and plotted for each flow in order to obtain a flow/micro- 
habitat function for each sampled reach (Fig. 7). Separate simula- 
tions for temperature and water quality are conducted for the same 
specified flows. The linear extent of acceptable water quality 
conditions (macrohabitat) in the stream segment is computed (Fig. 8) 
for each species at a user-determined time interval (i.e., monthly, 
seasonally, or yearly). 








Figure 6. Conceptualization of stream reach microhabitat simulation. 
Subsection cells with identical shading patterns have similar velocity, 
depth, substrate, and cover ranges 
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SEGMENT DISCHARGE IN CFS 


Figure 7. Weighted usable area for brown trout vs. discharge for three 
study reaches in a segment of a hypothetical river (Bovee 1982). 
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RIVER MILES FROM TOP OF SEGMENT 


Figure 8. Usable length of stream for a particular species life 
stage (e.g., adult brown trout) for a specific time period (e.g., 
August) for the three study reaches in Fig. 7. 
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Step 5. Preparing and interpreting results. Total HA is a discrete 
value for each sampled stream segment for each life stage of a 
species for a specific flow. Total habitat is, therefore, a complete 
expression of the functional relationship between microhabitat avail- 
ability (WUA), water quality, and streamflow (Fig. 9). Total habitat 
for a specified flow is the product of the unit WUA (ft?/1,000 ft) 
times the length of stream (miles) having suitable water quality and 
temperature. There are numerous ways of displaying habitat values. 
The basic approach starts with summary tables and plots of WUA 
and HA against discharge. More sophisticated analyses also include 
longitudinal water quality profiles. Time series of flow WUA and HA 
values for baseline and alternative water management schemes can be 
used to formulate flow recommendations and mitigation plans. Data 
interpretation techniques include: (1) optimization to determine 
the combinations of flow conditions that will yield the best mix of 
benefits; (2) time-series analyses summarized into habitat duration 
curves that depict the frequency of occurrence of streamflow and 
habitat events; and (3) effective habitat time-series curves that 
display the amount of habitat potentially available throughout a 
given time period at designated flow regimes. 





Step 6. Recommend a flow regime for the river reach. Based on a 





makers can negotiate for flow regimes suitable for the evaluation 
species of concern. Site specific habitat trade-offs for selected 
or all life stages of a species are feasible. Maintaining a desired 
level of stream channel habitat for a fish species requires the 
establishment of instream flow regimes for: (1) wet years for 
sediment and bed load transport; (2) average years to establish a 
base level of fish production; and (3) dry years to ensure minimum 
survival conditions for "seed" stock necessary for replenishing the 
stream reach. The development of a dynamic flow regime, rather than 
a single "minimum" flow, is the desired result of using IFIM. If the 
response of the fish population to changes in HA can be determined, 
HUEE can be used to determine the economic impacts in a similar 
manner to its use with HEP-generated data. The process for using 
IFIM data in a HUEE analysis involves conversion of WUA information 
to total Habitat Area (HA) values (Bovee 1982). 
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Figure 9. The IFIM computation of total habitat (ft-) in a study area by multiplying 
the WUA derived for velocity, depth, substrate, and cover (microhabitat conditions) by 
the length of the area with suitable macrohabitat conditions for fish. 











USES OF SI CURVES IN HEP AND IFIM AQUATIC APPLICATIONS 


Confusion among users has resulted from the availability of two sets of 
SI curves, one for HEP and one for IFIM, for four variables (velocity, depth, 
substrate, and cover) for some fish species. The confusion has been compounded 
by the fact that the curves have been published in different formats with the 
use of different terminology. These problems resulted because of the independ- 
ent evolution of IFIM and HEP over a 5-year period, 1977-1982. The current 
use of standard terminology and the correct matching of the method (HEP and/or 
IFIM) to the environmental problem under study should resolve the confusion. 


When IFIM first became operational in 1978, the only "model" available to 
the user was the microhabitat descriptor (PHABSIM), which utilized SI curves 
for velocity, depth, substrate, and, to a limited extent, instream cover. The 
first group of curves compiled were published under the title of Probability- 
of-use curves (Bovee 1978). Suggested field procedures for gathering fish 
microhabitat utilization data and curve construction techniques specific to 
the use of PHABSIM were described by Bovee and Cochnauer (1977). The IFIM now 
makes use of both micro- and macrohabitat curves. Curve scores for the nicro- 
habitat variables for velocity, depth, substrate, and cover are aggregated in 
the computer program PHABSIM. The macrohabitat variables of temperature, 
dissolved oxygen and biological oxygen demand, nitrogen compounds, and other 
dissolved chemicals are aggregated in the program ISTEMP (Theurer and Voos 
1982) and the water quality simulation model (Grenney and Kraszewski 1981) 
through the use of curves for the appropriate macrohabitat variable. 


About the same time, the 1976 version of HEP was revised (U.S. Fish and 
Wildlife Service 1980b) to facilitate the use of HEP in aquatic systems. Some 
early HSI models were developed for HEP applications in aquatic habitats. 
These models contained several variables and included curves (suitability 
indices) for some of the same variables (i.e., velocity and depth) as those 
described in the early IFIM publications. The channel catfish HSI model, 
published in Standards for the Development of Habitat Suitability Index Models 
(U.S. Fish and Wildlife Service 198la), contained an SI aggregation technique 
that used the geometric mean [HSI = (SI,SI,SIq...$1,)1/" 


technique was sometimes incorrectly construed as the “standard approach" for 
all aquatic HSI model applications, and the assumption was made that an 
"Aquatic HEP" technology was to be developed. However, “Aquatic HEP" was 
never developed as a separate tool and does not exist. The impossibility of 
developing a "standard HEP model" for each species became increasingly evident 
as more models were developed and alternative modeling approaches were devised. 
It is now recognized that a single, standard species HSI model for all HEP 
applications is unrealistic and that different "models" are needed for differ- 
ent application objectives and site-specific conditions. 


]. This aggregation 
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Work continues on the development of fish HSI models for HEP applications 
in flowing and standing water. These models can be used with or without modi- 
fication by the user, depending on site-specific conditions. When desirable, 
the user can take the curve information from existing HSI model publications 
and develop completely different models that are more appropriate to a specific 
application (U.S. Fish and Wildlife Service 1980b). 


All species curves for HEP and IFIM are referred to collectively as 
Suitability index (SI) curves or graphs. Terminology pertaining to SI curves 
has been standardized and four categories of curves have been designated for 
IFIM applications. The designation of a curve as belonging to a particular 
category does not imply that there are differences in the quality or accuracy 
of curves among the four categories. 


The first category of curves is based on available information, including 
literature sources and expert opinion, usually concerning a species response 
to a variable (e.g., juveniles can survive within a temperature range of 4 to 
24° C). These data are used to develop a curve that describes the SI relation- 
ships for temperature, depth, velocity, or substrate (e.g., temperatures of 3, 
12, and 25° C might correspond to SI's of 0.0, 1.0, and 0.0, respectively). 


The second category of curves (utilization curves) is based on frequency 
analyses of fish observations in the stream environment, with microhabitat 
variables measured at each sighting (Bovee and Cochnauer 1977; Bovee 1982). 
These curves are designated as utilization curves because they depict the 
habitat conditions a fish has been shown to use within a range of available 
conditions. Because of the way the data are collected for utilization curves, 
the resulting function represents the probability of occurrence of a particular 
environmental condition, given the presence of a fish of a particular species 
and size. However, because of sampling problems, a utilization curve cannot 
be assumed to reflect fish preferences or optimum conditions. These curves 
are generally more precise for the microhabitat variables used in IFIM applica- 
tions than are the category one curves because they are based on specific 
measurements of the microhabitat characteristics where the fish are observed. 
However, this category of curves may not be transferable to streams that 
differ in size and habitat complexity or when there are differences in species 
interactions and the timing of life functions. 


The third category (preference curves) contains utilization curves that 
have been corrected for environmental bias. For example, if 50% of the fish 
are found in pools over 1.0m deep, but only 10% of the stream has these 
pools, the fish are actively selecting that type of habitat. The category 
three curves approximate the function of the probability of occurrence of a 
fish, given any set of environmental conditions. Only a limited number of 
experimental data sets have been compiled into IFIM preference curves. 


Category four curves are mostly conceptual at this time. One type of 


category four curve that is under consideration is a cover-conditioned, or 
seascn-conditioned, preference curve set. Such a curve set would consist of 
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different velocity, depth, and substrate preference curves for different 
conditions or types of cover present or for different times of year. No 
category four curves have been developed for use with IFIM at this time. 
) * ie 

To mi mize confusion, all known information on SI curves for a given 
species Wil), be incorporated into al] future FWS publications on fish habitat 
produced by WELUT. The species habitat requirements, origin of the data, 
assumptions made in data interpretation, and suggestions for curve applications 
in either or both impact assessment methods Will; be included. SI curves for 
temperature and water quality variables can be used interchangeably with 
either HEP or IFIM, but modifications are usually required. SI curves for 
velocity, depth, substrate, and cover may not be interchangeable. Table 3 is 
a partial summary of SI information available as of May 1984. Such information 
will aid users in deciding which HSI models, SI curves, and assumptions are 
most appropriate for specific applications of either HEP or IFIM. 


In general, category one SJ] curves are most useful in HSI models, as used 
in HEP analyses, and IFIM analyses of temperature and water quality. If cate- 
gory one curves are the only curves available for velocity, depth, substrate, 
and cover, and aquatic biologists determine that they are acceptable surrogates 
for microhabitat descriptors, these curves can be used in IFIM analyses. How- 
ever, utilization and preference curves give more precise results in IFIM 
analyses. When existing information is not suitable for curve development and 
new research is required, the development of preference and conditional prefer- 
ence curves is the recommended approach for IFIM. 
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Table 3. A partial listing of the availability of habitat suitability 
curves. 
Egg Habitat Publi- 
Spawn- incu- Juven- suitability cation 
ing bation Fry ile Adult information planned 
Species VOSCT VDSCT VDSCT  VDSCT  VDSCT published for FY84 
Bass, Largemouth 211X1 101X1 11211 #22211 #422211 © A 
Bass, Rock O0OXO0 O00X0 33330 33330 33330 
Bass, Smallmouth 11101 11101 11111 11101 11111 * A 
Bass, Spotted 11101 11101 #6121111 #=1212111~°#4211111 
Bass, Striped 11XX1  =11XX1  J11X1~—— XXXXX~=—so11XX1 
Bass, White 111X1 OOOXO 222X1 222X1 = # 112Xi1 
Bluegill 211X1 101X1 22201 22211 #22211 * A 
Buffalo, Bigmouth 00100 00101 00010 00010 #10011 . 
Buffalo, Smallmouth O001X0 101X1 £10011 #£.10011 #10001 * 
Bullhead, Black 00111 00111 #.00011 #10011 °&2®10011 * 
Carp, Common 22211 00011 22211 ®+«:(°.22211 #422211 * A 
Catfish, Channel 22211 00011 21111 #22211 =~ #421111 * A 
Chub, Creek 101X0 101X1 10001 #11111 = #2=®11121 ° 
Crappie, Black 21111 00011 $d11111 22211 °&422211 * A 
Crappie, White 21211 00011 £21211 12211 22111 * A 
Dace, Blacknose 111X1 211X1 10111 #°10111 #10111 ™ 
Dace, Longnose 111X0 111X1 11101 11111 1111] * A 
Darter, Blackside 11101 00000 00000 00000 #£=11100 
Darter, Channel 11101 00000 00000 00000 £11100 
Darter, Fantail 11101 00000 00000 00000 £11100 
Darter, Greenside 11101 O0000 11101 11101 11101 
Darter, Johnny 00000 00000 00000 00000 22200 
Darter, Orangebelly 12100 00000 00000 00000 #£«£12200 
Darter, Orangethroat 11100 00000 00000 00000 22201 
Darter, Rainbow 11100 00000 00000 £12101 12100 
V - Velocity 
D - Depth 
S - Substrate 
C - Cover 
T - Temperature 
0 - No SI curve available 
X - No SI curve necessary 
1 - Category one (literature-based) SI curve available 
2 - Category two (utilization) SI curve available 
3 - Category three (preference) SI curve available 
A - Some of the available curves are not included in the publication 
B - More recent habitat information has become available since publication 


- Means either published and/or publication planried for FY84 
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SUMMARY 


Project scoping is necessary to determine if HEP, IFIM, or a combination 
of the two methods is appropriate. Scoping by an interdisciplinary, inter- 
agency group will help ensure that information resulting from the analysis wil] 
be beneficial to decisionmakers and planners and that resources available for 
data gathering and analyses will be used effectively. Technical assistance 





with scoping and other activities related to HEP and IFIM applications is 
available from WELUT and the appropriate FWS Regional Office. 


HEP and IFIM are two methods developed at WELUT for use in evaluating the 
impacts of environmental changes on fish habitat. HEP is designed for general 
application to habitat assessment problems in flowing and standing water. IFIM 
is a specialized tool for evaluating the impacts of altered flows, changes in 
channel morphology, and accompanying water quality changes. IFIM is especially 
useful in the designation of flows designed to meet fish management objectives 
and in the negotiation of flow regimes to protect fish habitat. 


Habitat Units are the basic output from a HEP analysis. These units are 
computed by multiplying the area of habitat by the HSI, which is an index of 
habitat quality. An HSI is obtained by applying an HSI model. These models 
can be in several forms, including equations for standing crop and harvest, 
mathematical and nonmathematical mechanistic models that involve aggregations 
of variables that affect life requisites, pattern recognition models, and 
descriptive word models. 


Mechanistic HSI models that contain components for life requisites require 
the development and use of SI curves for each variable in the model. These 
curves, in combination with field data, are used to derive site specific SI's. 
A standard set of variables does not exist for all models because application 
objectives vary. 


WUA's and HA's are the basic products of an IFIM analysis. These units 
are computed using SI curves developed for both the macro- and micro- habitat 
Suitability for each species. The PHABSIM model requires use of curves for 
four standard microhabitat variables (velocity, depth, substrate, and cover) 
for computation of WUA. WUA units are developed for each life stage to repre- 
sent the amount of habitat available during a given time period for a specified 
flow regime. Temperature and water quality curves are used to combine water 
quality and PHABSIM model output into total usable HA. 
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Habitat unit (HEP) and habitat area (IFIM) data can be developed for 
existing, proposed, and alternative action conditions to provide comparative 
information for decisionmakers and planners and to develop mitigation plans. 


Most of the available SI curves for both methods were developed from 
published information and professional opinion. For IFIM, a set of curves for 
Standard microhabitat variables (velocity, depth, substrate, and cover) is 
applied. Mechanistic models developed for HEP applications can require the use 
of SI curves for the same four variables as IFIM applications, plus additional 
variables. Nonmechanistic models for HEP do not require the use of SI curves. 
Where curve development is needed for an IFIM application, utilization and 
preference SI curves should be developed through field sampling because these 
curves are considered more precise. The direct interchange of curves specifi- 
cally developed for either method is possible but modifications are usually 
necessary. Future HSI publications will contain SI curves for use with both 
methods. The origin and applicability of the data to specific study objectives 
are the most important factors to consider in curve selection, rather than the 
method for which the curve was originally developed. 








Although HEP can be used to analyze the impacts of different water 
development activities at a stream site, IFIM should be the preferred pro- 
cedure when streamflow recommendations are the study objective. 


It may be feasible and appropriate to use both methods on the same study 
area; e.g., when there will be a conversion of some free flowing conditions to 
standing water conditions and the remaining free-flowing reaches will have 
altered flow regimes. For this type of application, HEP can be applied in 
reaches that will be impounded and IFIM can be applied to reaches where flows 
and/or the shape of the channel is negotiable. In other cases, it may be 
advisable to use HEP early in the project site selection process or when a 
large number of alternative sites are proposed; then use IFIM on the sites 
selected for detailed study. 
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